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The DArk Matter Particle Explorer (DAMPE) has observed a tentative peak atE ∼ 1.4 TeV in the
cosmic-ray electron spectrum. In this paper, we interpret this excess in the scotogenic type-II seesaw
model. This model extends the canonical type-II seesaw model with dark matter (DM) candidates
and a loop-induced vacuum expectation value of the triplet scalars, v∆, resulting in small neutrino
masses naturally even for TeV scale triplet scalars. Assuming a nearby DM subhalo, the DAMPE
excess can be explained by DM annihilating into a pair of triplet scalars which subsequently decay
to charged lepton final states. Spectrum fitting of the DAMPE excess indicates it potentially favors
the inverted neutrino mass hierarchy. We also discuss how to evade associated neutrino flux in our
model.
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2I. INTRODUCTION
Very recently, the DArk Matter Particle Explorer (DAMPE) released its high energy resolution measure-
ment of the cosmic-ray electron spectrum up to E ∼ 4.6 TeV [1]. The majority of the spectrum agrees with
a smoothly broken power-law model with a spectral break at E ∼ 0.9 TeV, which was previously evidenced
by the H.E.S.S. Collaboration [4]. Remarkably, however, a tentative peak excess at E ∼ 1.4 TeV in the
e+e− spectrum has been observed, and subsequent analyses showed that the local and global significance
of this peak in the DAMPE data reaches about 3.6 σ and 2.3 σ, respectively [2, 3]. Since the cooling pro-
cess of high energy cosmic-ray electrons in the Galactic halo effectively smooths out the spectral features,
such a sharp peak indicates there may exist a nearby electron source [5]. Both astrophysical origin (e.g., an
isolated young pulsar) and DM interpretations have been discussed in Ref. [5]. For the DM interpretation
using model-independent fitting with DM directly annihilating into a pair of standard model (SM) particles,
they found that the peak structure can be well fitted for a 1.5 TeV DM particle with the standard WIMP ther-
mally averaged annihilation cross section ∼ 3 × 10−26cm3s−1 and annihilation into pure electron or into
e : µ : τ = 1 : 1 : 1 final states, if a nearby DM subhalo is assumed within 1 kpc of the solar system [5]. In
addition, this scenario is compatible with the constraints from dwarf spheroidal galaxies (dSphs), antiproton
and CMB observations [5]. Since then many relevant studies have been carried out for both simplified and
specific (‘leptophilic’ DM [6]) model frameworks [7, 8].
In this paper, we apply the scotogenic type-II seesaw model [9] to account for the DAMPE excess.
Unlike the canonical type-II seesaw model, the trilinear interaction between the SU(2)L triplet scalar ∆
(L = −2) and the SM doublet Φ, ΦT iτ2∆†Φ, is forbidden due to lepton number conservation at the
Lagrangian level, while the Yukawa interaction LCL (iτ2)∆LL is still allowed. Meanwhile, a Z2 discrete
symmetry is imposed with two Z2-odd scalars, χ and (singlet, L = 0) and η (doublet, L = −1). As a
consequence, the lightest scaler, χ, could serve as a DM candidate. The lepton number is spontaneously
broken after aZ2-even scalar σ (singlet, L = −1) develops a vacuum expectation value (VEV). The trilinear
interaction ΦT iτ2∆†Φ is then induced at one-loop level with χ and η running in the loop. In this way, v∆
is naturally suppressed and small neutrino masses generated even for TeV scale triplet scalars.
The triplet scalar ∆ dominantly decays into lepton final states when v∆ . 10−4 GeV [10]. Therefore,
the leptophilic property of DM could be realized through the quartic interaction between χ and ∆ [11–
16]. As a result, the annihilation channel responsible for fitting the DAMPE excess is DM annihilating
into a pair of on-shell triplet mediators, which in turn decay to SM leptons. For nearly degenerate DM
and triplet mediator, the ∆ pair is produced almost at rest and each decay final state carries energy of
M∆/2 ≈ Mχ/2. This is equivalent to the e+e− spectrum produced by the standard 2 → 2 annihilation
3process with double the numbers of injection leptons. One thus expects the DAMPE excess could be
fitted by setting Mχ ∼ M∆ ' 3 TeV. In addition, for a degenerate triplet scalar, its singly-charged and
neutral components also produce an accompanying neutrino flux with similar energies of charged leptons,
thus can be tested by the existing IceCube data. To avoid this dangerous constraint, we further consider
a non-degenerate triplet scalar in which the singly-charged and neutral components are heavier than the
doubly-charged component and corresponding neutrino final states are highly suppressed due to the off-
shell effect.
The rest of the paper is organized as follows. In Section II, we briefly review the scotogenic type-II
seesaw model and analyse the relevant DM phenomenology. In particular, we give a quantitative estimation
of annihilation cross section for each annihilation channel with the off-shell effect included in the non-
degenerate case, which allows our model not to suffer from the neutrino flux constraint. Then in Section III,
we perform detailed spectrum fitting for the DAMPE excess in the non-degenerate case and present bench-
marks for both inverted hierarchy (IH) and normal hierarchy (NH) scenarios. Finally, our conclusions are
drawn in Section IV.
II. MODEL AND DM PHENOMENOLOGY
Embedding DM into the framework of the type-II seesaw mechanism has been widely studied in the
literature [9, 17–19]. In addition to the SM contents, extra scalar fields with triplet ∆ (L = −2), singlet
χ (L = 0), doublet η (L = −1) and singlet σ (L = −1) are introduced in the scotogenic type-II seesaw
model [9]. Moreover, a discrete Z2 symmetry is imposed to stabilize DM, under which only χ and η are
arranged to be Z2-odd. In the gauge eigenstates, the components of SM doublet Φ, doublet η and triplet ∆
are labeled as
Φ =
 φ+
φ0
 , η =
 η+
η0
 , ∆ =
 δ+/√2 δ++
δ0 −δ+/√2
 , (1)
In this notation, the most general lepton number conservation and Z2 invariant scalar potential is given by
V = −m2ΦΦ†Φ +m2∆Tr(∆†∆)−m2σσ∗σ +
1
2
m2χ χ
2 +m2ηη
†η + λΦ(Φ†Φ)2 (2)
+λ∆1
[
Tr(∆†∆)
]2
+ λ∆2Tr
[
(∆†∆)2
]
+ λσ(σ
∗σ)2 + λχ χ4 + λη(η†η)2
+λΦ∆1(Φ
†Φ)Tr(∆†∆) + λΦ∆2Φ†∆∆†Φ + λσΦ(σ∗σ)(Φ†Φ) + λχΦ(Φ†Φ)χ2
+ληΦ1(η
†η)(Φ†Φ) + ληΦ2(Φ†η)(η†Φ) + λσ∆(σ∗σ)Tr(∆†∆) + λχ∆Tr(∆†∆)χ2
+λη∆1(η
†η)Tr(∆†∆) + λη∆2(η†∆∆†η) + λχσ(σ∗σ)χ2 + λησ(η†η)(σ∗σ)
+ληχ(η
†η)χ2 +
[
µηη
T (iτ2)∆
†η + λ0 σχ(η†Φ) + h.c.
]
.
4The SM electroweak symmetry breaking is triggered by assuming m2 > 0, which leads to a VEV v ≈
246 GeV of the SM doublet Φ. Meanwhile, the parameter m2σ is also assumed to be positive, to spon-
taneously break the global lepton number symmetry U(1)L, which induces a VEV vσ of singlet σ and a
massless majoron J [20, 21]. Notice that the majoron would be absorbed when imposing gauged U(1)B−L
symmetry [22, 23]. For simplicity, we assume negligible mixing angles between scalars. After spontaneous
symmetry breaking, triplet components in the mass eigenstates are labeled as H±±, H±, H0 and A0. Their
squared masses are given as,
M2H±± = m
2
∆ +
λΦ∆1
2
v2 +
λσ∆
2
v2σ , (3)
M2H± = m
2
∆ +
λΦ∆1
2
v2 +
λΦ∆2
4
v2 +
λσ∆
2
v2σ ,
M2H0,A0 = m
2
∆ +
λΦ∆1
2
v2 +
λΦ∆2
2
v2 +
λσ∆
2
v2σ .
From the above equation, the mass splitting among triplet components yields
M2H± −M2H±± = M2H0,A0 −M2H± =
λΦ∆2
4
v2, (4)
which is totally determined by coupling λΦ∆2 and triplet components having degenerate squared mass
M2∆ = m
2
∆ + λΦ∆1v
2/2 + λσ∆v
2
σ/2, (5)
for vanishing λΦ∆2 [24–26]. Meanwhile, for non-zero λΦ∆2, a mass splitting |∆M | = |MH0,A0−MH± | '
|MH± −MH±± | could reachO(10) GeV under the constraints of electroweak precision tests [27]. In order
to respect the limits from LHC direct searches, one requires M∆ & 900 GeV [28]. The squared masses of
Z2-odd scalars are give by
M2η ' m2η + (ληΦ1 + ληΦ2)v2/2 + λησv2σ/2 ,
M2χ ' m2χ + λχΦv2 + λχσv2σ . (6)
Here by choosing Mχ < Mη, χ is the DM candidate.
In this model, the trilinear interaction ΦT iτ2∆†Φ is induced at one-loop level and the corresponding
effective µ term is calculated as
µ =
λ20µηv
2
σ
64pi2(M2χ −M2η )
[
1− M
2
χ
M2χ −M2η
ln
M2χ
M2η
]
, (7)
which leads to a VEV v∆ = µv2/M2∆ for the triplet. Current precise experimental measurements of ρ
parameters limit v∆ to less than a few GeV [29]. On the other hand, existing constraints from lepton flavor
5violation processes require v∆M∆ & 150 eV · GeV [30]. In the following, we take v∆ = 1 eV as an
illustration. The Yukawa interaction related to neutrino mass generation is given as
LY = −Y LCL (iτ2)∆LL + h.c. , (8)
where the superscript C denotes charge conjugation and τ2 is the second Pauli matrix. The Yukawa matrix
Y is complex and symmetric in general, with resulting Majorana neutrino mass matrix
Mν =
√
2Y v∆ = V
∗mνV † , (9)
where mν = diag(m1,m2,m3). V is the PMNS matrix with the following parameterization:
V =

c12c13 c13s12 e
−iδs13
−c12s13s23eiδ − c23s12 c12c23 − eiδs12s13s23 c13s23
s12s23 − eiδc12c23s13 −c23s12s13eiδ − c12s23 c13c23
× diag(eiΦ1/2, 1, eiΦ2/2) , (10)
where sij = sin θij , cij = cos θij . δ and Φi are respectively the Dirac and Majorana CP phases. Using
Eq. (9), the Yukawa coupling can be determined as Y = V ∗mνV †/(
√
2v∆). For illustration, the two
Majorana phases are assumed to be zero, and neutrino oscillation parameters are taken to be the best fit
values [31]:
∆m221 = 7.50× 10−5 eV2 , |∆m231| = 2.524(2.514)× 10−3 eV2 ,
sin2 θ12 = 0.306 , sin
2 θ23 = 0.441(0.587) ,
δ = 261◦ (277◦) , sin2 θ13 = 0.02166 (0.02179) , (11)
where the values in parentheses correspond to the IH case. For the oscillation parameters given above and
v∆ = 1 eV, the decay modes and branching ratios of triplet scalar components H±±, H± and H0/A0 are
totally fixed, and are listed in Table I for both IH and NH scenarios. The decay final states of H±± yield a
fraction of e± : µ± : τ± ' 1 : 0.4 : 0.7 for the IH case and ' 1 : 14 : 18 for the NH case. This indicates
that the IH scenario is preferred by the DAMPE excess, since the spectrum fitting favors electron-rich final
states, which is also confirmed by our fitting results in the next section.
With the above preparation, we now give a simple analysis of DM phenomenology. We implement
the complete scotogenic type-II seesaw model in the FeynRules [32] package with the best-fit oscilla-
tion parameters in Eq. (11), and apply the micrOMEGAs4.3.5 package [33] to evaluate the DM relic
abundance and DM-nucleon scattering cross section. For relic abundance, we adopt the Planck result:
ΩDMh
2 = 0.1199± 0.0027 [34] at the 2σ confidence level (C.L.). For direct detection constraints, we use
the latest spin-independent limits set by the LUX [35], Xenon1T [36] and PandaX-II [37] Collaborations.
6H±± Br(e±e±) Br(µ±µ±) Br(τ±τ±) Br(e±µ±) Br(e±τ±) Br(µ±τ±)
IH 39.44% 7.09% 14.36% 2.63% 16.18% 20.30%
NH 0.20% 24.57% 34.97% 2.03% 3.58% 34.63%
H0/A0 Br(νeνe) Br(νµνµ) Br(ντντ ) Br(νeνµ) Br(νeντ ) Br(νµντ )
IH 39.44%% 7.09% 14.36% 2.63% 16.18% 20.30%
NH 0.20% 24.57% 34.97% 2.03% 3.58% 34.63%
H± Br(e±νe) Br(e±νµ) Br(e±ντ ) Br(µ±νe) Br(µ±νµ) Br(τ±ντ ) Br(τ±νe) Br(τ±νµ) Br(τ±ντ )
IH 39.44% 1.31% 8.09% 1.31% 7.09% 10.15% 8.09% 10.15% 14.36%
NH 0.20% 1.02% 1.79% 1.02% 24.57% 17.32% 1.79% 17.32% 34.97%
TABLE I. The decay modes and branching ratios of the triplet scalar components H±±, H0/A0 and H± for IH and
NH scenarios, with the best fit neutrino oscillation parameters in Eq. (11).
Firstly, the DAMPE excess implies that χ must be leptophilic, which can be through the annihilation
processes:
χχ→ H++H−−, H+H−, H0H0, A0A0 , (12)
withH±± → `±`± , H± → `±ν andH0/A0 → νν according to the branching ratios in Table I. In order to
guarantee the above annihilation channels are always dominant, one needs the quartic coupling λχ∆ to be
considerably larger than λχΦ. Moreover, the DM-quark interaction is mainly induced by mixing between
χ and SM Higgs, which also demands λχΦ . 10−2 to evade current direct detection constraints [16]. As a
consequence, leptophilic DM is naturally realized by assuming λχ∆  λχΦ in our model.
As we mentioned in the introduction, if the e+e− flux produced from DM annihilation originates from
left-handed lepton final states, accompanying neutrinos are also produced with comparable flux and similar
energies. Such associated neutrinos should in principle carry directional information about the postulated
nearby DM subhalo and could be tested at IceCube. According to Ref. [38], the 8-year IceCube data is
sufficient to identify them with high significance. On the other hand, if the upcoming IceCube observation
does not detect such a monochromatic neutrino flux, the explanation based on leptophilic DM and a nearby
DM clump may be excluded, which is really a challenge for the usual leptophilic DM model with standard
2 → 2 annihilation processes. However, the situation is different for our model. For the degenerate case
in our model, χ annihilates into H±±, H± and H0, A0 with equal fractions. As a consequence, 50% of
the total annihilation cross section contributes to neutrino flux, which is similar to the common leptophilic
model, and the IceCube constraint is dangerous. For the non-degenerate case, however, by setting the
mass hierarchy MH0/A0 = MH± + ∆M = MH±± + 2∆M , the annihilation cross sections related to
neutrino final states are highly suppressed due to the off-shell effect. In order to give an accurate estimation,
7Mχ (GeV) λχ∆ M∆ (GeV) ∆M (GeV) Ωχh2 〈σv〉0 (cm3/s) H++H−− H0H0, A0A0 H+H−
3000 1.03 2990 15 0.119 2.98× 10−26 98.37% 0.45% 1.18%
TABLE II. The DM information for the IH/NH benchmark in the non-degenerate case. Here 〈σv〉0 denotes the
thermally averaged DM annihilation cross section at present. The last three columns list the relative contributions of
annihilation channels χχ→ H++H−− → 4`, χχ→ H0H0, A0A0 → 4ν and χχ→ H+H− → 2`2ν, respectively.
we implement our model in MadGraph5 [39], and simulate χ annihilation at s = 4M2χ + M
2
χv
2 with
v ∼ O(10−3), which reproduces the conditions of DM annihilation at present. Since we are interested
in the cross section, the results from unweighted events are sufficient. In the calculation, we have fixed
the DM masses Mχ = 3 TeV and MH±± = M∆ = 2.99 TeV, respectively. Our results are displayed
in Fig. 1. Here the right-hand panel presents 〈σv〉0 as a function of ∆M for three annihilation channels:
χχ → H++H−− → 4`, χχ → H0H0, A0A0 → 4ν and χχ → H+H− → 2`2ν, in which the quartic
coupling λχ∆ for each ∆M point is evaluated such that corresponding relic abundance is correct, as shown
in the left-hand panel. One can see that the behaviors of the three annihilation cross sections are basically
determined by the competition between increasing λχ∆ and phase space suppression. As a consequence, the
4` channel monotonically increases with ∆M just as λ2χ∆, since the H
±± pair is always produced on-shell.
The 4ν channel monotonically decreases with ∆M and is highly suppressed when ∆M > 5 GeV due to
the off-shell effect. The 2`2ν channel increases first then decreases with ∆M , and is eventually highly
suppressed when ∆M > 10 GeV. Therefore, for ∆M = 15 GeV, annihilation cross sections for both 4ν
and 2`2ν channels can safely be neglected.
In addition, one should further consider the secondary neutrino flux resulting from the decays of lepton
final states. For the µ+µ− channel, the IceCube observation from the Galactic center region sets an upper
bound with 〈σv〉 < 9.6×10−23cm3/s [40]. This is much larger than the annihilation cross section required
to explain the DAMPE data. In the presence of a subhalo, the corresponding limit is expected to improve
by a factor of 2 since the annihilation rate of the subhalo is around two times higher than that of the
Galactic center [7]. However, this is still far beyond the preferred annihilation cross section in our model.
In summary, our scenario is entirely consistent with the current IceCube sensitivity.
Based on the above results, we choose the point of ∆M = 15 GeV in Fig. 1 as our benchmark (see
Table II) for fitting the DAMPE excess in the next section. Notice that the IH and NH scenarios share
the same benchmark since they are only different at decay branching ratios, which does not affect the DM
annihilation cross section.
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FIG. 1. Left: The quartic coupling λχ∆ required to obtain correct relic abundance as a function of triplet scalar
mass splitting ∆M . Right: thermally averaged DM annihilation cross section at present, 〈σv〉0, versus ∆M for
different annihilation channels: χχ → H++H−− → 4` (solid red), χχ → H0H0, A0A0 → 4ν (dashed blue) and
χχ → H+H− → 2`2ν (dot-dashed green). For both figures, we have fixed the DM masses Mχ = 3 TeV and
M∆ = 2.99 TeV, respectively.
III. SPECTRUM FITTING OF DAMPE EXCESS
In this section, we give a spectrum fitting for the DAMPE excess based on the benchmark in Table II,
by taking into account the contribution of a nearby DM subhalo. Before showing our results, we briefly
describe the fitting prescription. The differential number density f(t, ~x,E) = dN/dE obeys the diffusion-
loss equation [41]:
∂
∂t
f(t, ~x,E)− ~∇ ·
[
K(~x,E)~∇f(t, ~x,E)
]
− ∂
∂E
[b(~x,E)f(t, ~x,E)] = Q(~x,E) . (13)
For the steady-state case, the diffusion equation is reduced to,
−~∇ ·
[
K(E)~∇f(~x,E)
]
− ∂
∂E
[b(E)f(~x,E)] = Q(~x,E) , (14)
which only keeps the space diffusion and energy loss effects. Here the function Q(~x,E) is the source term.
K(E) = K0(E/E0)
δ is the diffusion coefficient with slope δ, which depends on the Galactic diffusion
cylinder with height 2L. Here we choose the propagation parameters asK0 = 0.1093 kpc2 Myr−1, δ = 1/3
and L = 4 kpc. b(E) = E2/(E0τE) is the positron loss rate due to synchrotron radiation in the Galactic
magnetic field and inverse Compton scattering with CMB photon and stellar light. The typical loss time
τE = 10
16 s and E0 = 1 GeV. Eq. (14) can be solved by using the Green function method, and the general
9solution is expressed as,
f(x, E) =
∫ mDM
E
dEs
∫
d3~xsG(~x, E; ~xs, Es)Q(~xs, Es) , (15)
where f(x, E) is the e± number density at the earth with energy E, and Es denotes e± energy at the
source position ~xs. From the above equation, the differential flux of e± is evaluated as
Φe±(x, E) =
ve±
4pi
f(x, E) . (16)
In the above equation, the velocity of e± approximately yields ve± = c. For a nearby DM subhalo at
position xsub, the source term is given as
Q(~x,E) =
〈σv〉0
2M2χ
∫
ρ2(r)dV δ3(~x− ~xsub) , (17)
where 〈σv〉0 ' 〈σv〉0(H++H−−) for our benchmark, and ρ(r) is the density profile of the subhalo. We
adopt the NFW density profile [42, 43]:
ρ(r) =
ρs
(r/rs)(1 + r/rs)2
, (18)
for both Galactic halo and subhalo. For the Galactic halo, the two parameters ρs and rs are normalized by
the local density ρ and distance from Galactic center to Sun R, which are respectively taken as ρ = 0.4
GeVcm−3 andR = 8.5 kpc. For the nearby subhalo, ρs and rs are determined by its massMsub (after tidal
stripping) 1. With its distance to the solar system d, the features of the nearby subhalo are characterized
by free parameters (d, Msub). We use micrOMEGAs to evaluate the e+e− spectrum produced by DM
annihilation in the Galactic halo, and numerically solve the integral equation Eq. (15) with the source term
in Eq. (17) to calculate the subhalo contribution. In addition, the background flux coming from various
astrophysical sources also need to taken into account. We use the GALPROP package [44, 45] here and
perform χ2 analysis to obtain the best-fit astrophysical background, which yields χ2bkg = 108.04.
The resulting e+e− spectrum for our benchmark is presented in Fig. 2 for the IH scenario, and in
Fig. 3 for the NH scenario. From these two figures, one can see that the morphology of the DAMPE
excess potentially favors the IH scenario, which could well fit the tentative peak for subhalo parameters
(d, Msub) = (0.1 kpc, 10
7 M) or (0.3 kpc, 1.3 × 108 M). This is because for the IH scenario, χ
predominately annihilates into electron final states (e : µ : τ ' 1 : 0.4 : 0.7), which have a sharp prompt
spectrum. As a consequence, the diffusion and energy loss effects are not significant for a nearby source.
For the NH scenario, however, χ predominately annihilates into tau final states (e : µ : τ ' 1 : 14 : 18),
1 For the calculation ofMsub, see the Appendix of Ref. [5].
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which have a much broader prompt spectrum compared with electrons. The spectrum is further smeared via
diffusion and energy loss, thus resulting in a worse fitting. For instance, for our benchmark with subhalo
parameters (d, Msub) = (0.1 kpc, 2× 108 M) or (0.3 kpc, 2× 109 M), it cannot match the tentative
peak structure in the DAMPE data.
Before ending this section, we mention that accompanying γ-ray photons are also produced due to the
internal bremsstrahlung process and the decay of the charged lepton final states. It is also necessary to check
whether such γ-ray emission can be detected or constrained by current observations. The γ-ray flux from
the nearby DM subhalo contribution has been estimated in Ref. [5] for the e+e− and e : µ : τ = 1 : 1 : 1
annihilation channels, with typical integral radius within 1◦ and subhalo distance d = 0.1/0.3 kpc. They
found that in all cases, corresponding γ-ray fluxes are below the 10-year point source sensitivity of Fermi-
LAT observations. This estimation is also applicable to our model.
IV. CONCLUSION
We have interpreted the recent DAMPE excess in the framework of the scotogenic type-II seesaw model
which relates neutrino masses and scalar singlet DM χ at one-loop level. By assuming a nearby DM
subhalo, the DAMPE excess can be fitted for our benchmark in the non-degenerate case and IH scenario,
where DM χ predominately annihilates into a pair of on-shellH±± mediators, which then decay to electron
rich final states. In this case, associated neutrino final states are highly suppressed due to the off-shell
production of H0, A0 and H± mediators. This advantage means our model does not suffer from the limits
on the neutrino flux from IceCube. In addition, the γ-ray flux in our model is also below the current Fermi-
LAT sensitivity. Finally, the lepton flavor structure in our model which produces the primary e+e− flux
is tightly related to the neutrino oscillation data. We find that the spectrum fitting of the DAMPE excess
potentially favors the IH for neutrino mixing.
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